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ABSTRACT 
Relationships between channel morphometry, habitat diversity, and 
invertebrate drift density were studied in 11 natural and channelized 
stream segments of the upper Des Moines River Basis during 1974 and 1975. 
Gradients of the study sites ranged from 0.17 to 2.18 m/km; sinuosity 
index values were between 0.95 and 1.67. Ths most obvious effect of chan­
nelization on stream habitat was a reduction in the diversity of water 
depth and diversity of current velocity. There was a significant (P=.05) 
positive correlation between channel sinuosity and the variability of 
stream depth and velocity. Invertebrate drift density, expressed as bio-
mass and total counts, was also correlated with channel sinuosity. 
Sinuous streams had greater concentrations of drifting organisms than did 
straight channels. There was no relationship between drift density and 
channel gradient. 
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INTRODUCTION 
Channelization of natural waterways has been an integral part of 
drainage and flood control projects in many areas of the United States 
(Wilkinson, 1973). Fisheries studies conducted in various regions of the 
country (Henegar and Harmon, 1973) indicate that channelization has gen­
erally had a negative impact on fishery resources because of physical 
alterations of stream habitat. Hansen and Muncy (1971) suggest that dif­
ferences in the fish and bottom fauna of channelized and natural reaches 
of the Little Sioux River, Iowa, might be explained by a lack of pools and 
brushpiles in the channelized segment. Other habitat changes which have 
been attributed to channelization include a reduction of coarse gravel and 
boulder substrates (Etnier, 1972) and elimination of pool and riffle 
interspersion (Etnier, 1972; Congdon, 1973). 
Channelization usually results in alteration of some parameters of 
stream morphometry, particularly channel sinuosity, gradient, and bank 
vegetation. Habitat characteristics or biological parameters which are 
related to these morphometric variables can be viewed on a continuum in 
both channelized and natural stream segments. Since channelization 
changes stream morphometry, any significant relationships between morpho­
metric variables and habitat characteristics, or morphometric variables 
and biological parameters should be useful in predicting the impact of 
channelization. 
The objectives of this study were (1) to determine the effects of 
channel morphometry on the abundance and diversity of stream habitat; (2) 
to evaluate the effect of morphometric parameters on invertebrate drift 
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density, and (3) to assess the impact of channelization on stream habitat 
and invertebrate drift in the upper Des Moines River Basin. 
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DESCRIPTION OF THE STUDY AREA 
This study was conducted on tributaries of the upper Des Moines River 
in north central Iowa (Figure 1). Streams of the region drain gently 
rolling farm land on the Wisconsin Drift Sheet. Initially, much of the 
upper Des Moines River Basin was not suited to agricultural production 
because of poorly drained prairie soils. In the late 1800's and early 
1900's a number of groups worked collectively to finance and construct 
drainage systems to bring these lands into production (U.S. Bureau of the 
Census, 1942). Tile drains were installed, and long reaches of many 
streams were rechanneled (Bulkley, 1975) to provide tile outlets and speed 
the removal of water from the land. 
The upper reaches of tributary streams in the study area are charac­
terized by low gradients and poorly defined valleys; bank vegetation of 
both channelized and unchannelized streams is predominantly grass. As 
streams approach erosional topography adjacent to the Des Moines and lower 
Raccoon rivers, gradients increase, valleys become deeper, and bank vege­
tation shifts to grazed woodland. Past channelization activities in the 
region were restricted almost entirely to the low gradient upper reaches 
of tributary streams. 
Twelve sites in the upper Des Moines River Basin were selected for 
study. Field data were collected from 11 of these areas (Table 1); Sta­
tion 6 was dropped early in the study when a small dam was discovered 
immediately downstream from the site. Stream segments (1.6 km) with no 
serious pollution, a relatively uniform meander pattern, and a bridge at 
the downstream end were selected for study. Drainage areas of the study 
Figure 1. Location of the study area 
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Table 1. Location of study sites in the upper Des Moines River drainage 
area 
Site Stream County Access point 
1® North Raccoon River Buena Vista Bridge S. line 
Sec 26 T91N R36W 
2^ North Raccoon River Buena Vista Bridge S. line 
Sec 1 T90N R36W 
3" Big Cedar Creek Calhoun Bridge W. line 
Sec 32 T89N R34W 
4 Hardin Creek Greene Bridge NW 1/4 
Sec 10 T83N R30W 
5 Buffalo Creek Kossuth Bridge NW 1/4 
Sec 12 T97N R28W 
7" N. Branch Lizard Crk. Pocahontas Bridge S. line 
Sec 35 T91N R31W 
8 Boone River Wright Bridge S. line 
Sec 9 T93N R26W 
9 Cedar Creek Greene Bridge SW 1/4 
Sec 15 T85N R32W 
10 Cedar Creek Greene Bridge S. line 
Sec 21 T85N R32W 
n Lizard Creek Webster Bridge SE 1/4 
Sec 7 T89N R29W 
12 Lizard Creek Webster Bridge S. line 
Sec 14 T89N R29W 
^Channelized stream segments. 
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sites ranged from 373 to 821 km^ (Larimer, 1957). Although past channeli­
zation was generally restricted to the low gradient prairie streams, high 
gradient woodland streams were included to provide a wider range of gradi­
ents and cover. 
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METHODS 
Stream Morphometry 
Channelization carried out in conjunction with drainage activities in 
north central Iowa resulted in streams with lower sinuosity indices and 
higher gradients than corresponding natural channels. Channel sinuosity 
and gradient were measured at each study site to be used as independent 
variables in the analysis of habitat and drift data. 
Channel sinuosity is defined by Leopold et al. (1964) as the ratio of 
channel length to downvalley distance. Maps of the stream channel and 
floodplain were drawn from aerial photographs of each study site. A 
series of points at equal distance from both sides of the floodplain were 
connected to represent the valley axis. The sinuosity index calculated 
was a ratio of the distance measured along the stream channel to the 
distance measured along the valley axis. 
Stream gradients were measured over a distance of 1 to 2 km at each 
study site. Two well-defined points on aerial photographs were identified 
in the field; the difference in water surface elevation between these two 
points was measured with a surveyor's level and stadia rod. Horizontal 
distance between the points was measured on aerial photographs. Gradient 
data were expressed as meters of drop/km of horizontal distance. 
Habitat Characteristics 
Habitat data were collected to test a set of hypotheses concerning 
habitat differences between channelized and natural stream segments. 
Early in the study an attempt was made to characterize habitats from 
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literature sources and visual examination of a group of channelized and 
natural streams. Natural stream segments were characterized as having 
meandering channels with alternating pools and riffles, abundant shading 
and cover, and a wide variety of substrate types. In contrast, channel­
ized streams were characterized by relatively uniform shallow depths, 
uniform current velocities, many midchannel sand bars, few pools and 
riffles, little shading or cover, and predominantly shifting sand sub­
strate. 
Bedform, stream cover, water depth, current velocity, and substrate 
were among the parameters used to characterize the habitat of stream seg­
ments in this study. Several habitat variables, particularly bedform and 
water depth were expected to be most critical to biological communities 
during periods of reduced discharge. For this reason, physical character­
istics of the sites were measured at relatively low flow in July and 
August of 1974 and 1975. Discharge at the time data were collected ranged 
from 0.002 to 0.683 m^/second. 
Water depth; current velocity; channel width; and water width were 
measured at ten randomly located cross sections in each stream segment. 
Cross sections were located 15, 42, 302, 427, 660, 887, 1240, 1385, 1432, 
and 1596 meters upstream from the bridge site at each station. This 
scheme was altered to avoid bridge disturbances, bedrock channel, and 
midchannel sand bars. Complete randomization of cross sections was prob­
ably not necessary because the meander pattern of streams in the study 
area is irregular. 
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Water depth and current velocity measurements were recorded at ten 
equally spaced points along each cross section. Mean current velocity was 
measured at 0.6 depth (Bellport and Burnett, 1967) with a pygmy current 
meter. 
The percentage of total stream bottom area covered by various sub­
strate size categories was estimated after wading the length of each 
stream segment. Substrate particle size was classified according to the 
system outlined by Welch (1963). 
Bedform data included total numbers of pools and riffles, and the 
length of isolated midchannel bars at each study site. Riffle habitats 
were defined as zones with turbulent flow and a noticeable increase in 
water surface slope. Pools were defined as deep water zones with less 
turbulent flow. The total length of midchannel bars surrounded by water 
was recorded as an index of stream braiding. 
Measurements of stream cover included estimates of the percentage of 
channel width shaded by overhanging terrestrial vegetation, and total 
numbers of brushpiles and snags in the water at each study site. Brush-
piles were defined as relatively large agglomerations of brush and debris; 
snags were defined as smaller units of cover which consisted primarily of 
roots or branches from a single tree. 
Invertebrate Drift 
Shifts in the abundance of fish food organisms were expected as a 
result of habitat changes associated with stream channelization. Inverte­
brate drift density was the parameter used to estimate the abundance of 
fish food organisms in this study. Larimore (1974) found invertebrates 
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from a wide range of benthic habitats in drift collections. Theories and 
data relating drift to benthic production and population dynamics were 
extensively reviewed by Waters (1972). 
Drift organisms were collected at the downstream end of study sites 
in cylindrical nets similar to the 24 hour drift sample described by 
Waters (1969). Nets were approximately 2 meters long and 30 cm in diam­
eter; mesh size was 1.2 mm. The nets were tapered to a 12 cm square 
opening at the anterior end. Nets were placed approximately 2 cm below 
the water surface and left in the stream for a period of 24 hours. 
Two drift samples were collected at all sites within a period of 
approximately 1 week. Nets were placed at points with the same velocity 
at all sites. This experiment was repeated nine times during the summer 
months of 1974 and 1975. 
The velocity of flow at net openings was adjusted to stream condi­
tions between replicates. Nets were placed at points with a velocity of 
30 cm/second in early summer replicates (before July 24, 1974 and July 
28, 1975); in late summer mil net? were placed at points with a velocity 
of 20 cm/second. 
Samples were preserved in 95 percent ethanol in the field; inverte­
brates were hand-picked from the detritus and placed in 85 percent 
ethanol. Terrestrial invertebrates and crayfish longer than 2 cm were 
removed from samples as they were sorted. Organisms were left in 85 per­
cent ethanol several months to standardize weight loss associated with the 
preservative (Howmiller, 1972). Samples were blotted dry and weighed. 
Invertebrates were identified to the family level and counted. 
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Although two drift nets were always set at each station, the mouth of 
one net was often clogged by debris. If two concurrent samples were 
collected at a station, weights and counts of the two samples were aver­
aged to balance the data. Mean counts and weights for each station were 
obtained by averaging data from the nine sampling periods. These means 
were used as estimates of the relative abundance of drift at different 
study sites. 
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RESULTS 
Discharge 
Discharge data from the Des Moines River gage at Fort Dodge (Table 2) 
were used to describe stream flow in the study area during 1974 and 1975. 
The yearly mean discharge for the period of record at Fort Dodge was 
39.3 m^/second (U.S. Geological Survey, 1975). Mean discharge was con­
siderably higher than normal during the 1974 water year, but 1975 dis­
charge was near the long-term average. 
Table 2. Mean discharge (m^/sec) at the Des Moines River gage. Fort 
Dodge, Iowa 
Water Month Yearly 
mean year May J un Jul Aug 
1974- 84.8 113.3 27.2 10.2 56.4 
1975^ 120.9 126.9 30.6 8.6 38.3 
"U.S. Geological Survey (19/5). 
'^Preliminary data, U.S. Geological Survey, Iowa City. 
Stream Morphometry 
Stream morphometry data (Table 3) were collected primarily for use in 
the analysis of habitat and drift data. Gradients of the study sites 
ranged from 0.17 to 2.18 m/km; sinuosity index values were between 0.95 
and 1.57. The lowest sinuosity value (0.95) was calculated for a channel­
ized stream segment with a channel length shorter than the valley axis. 
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Table 3. Description of the study sites; stations 1, 2, 3, and 7 have 
been channelized 
Drainage Gradient Sinuosity Stream 
Station areaa(km)2 (m/km) index type 
1 531 0.17 1.05 Prairie 
2 562 0.22 1.00 Prairie 
3 821 0.41 0.95 Prairie 
4 391 1.49 1.30 Woodland 
5 401 0.32 1.67 Prairie 
7 386 0.26 1.00 Prairie 
8 381 0.31 1.50 Prairie 
9 373 0.75 1.33 Woodland 
10 394 1.30 1.30 Woodland 
11 666 2.18 1.36 Woodland 
12 712 1.07 1.35 Woodland 
^Larimer (1957). 
Streams in the study area seem to fall into two general categories. The 
low gradient prairie streams were widely channelized in the past, but 
little channelization was conducted on the high gradient woodland streams. 
Habitat Characteristics 
The physical environment of natural streams might be characterized as 
a mosaic of habitat zones resulting from various combinations of such 
physical parameters as water depth, current velocity, substrate particle 
14 
size, and water surface slope. Habitat diversity is a function of the 
variability of these physical parameters within a particular stream seg­
ment. 
Sinuous streams usually have areas of deep, slow water alternating 
with areas of shallow, swift water (Leopold and Langbein, 1966). In con­
trast, channelized streams tend to have uniform or shallow depths (Elser, 
1968; Hansen and Muncy, 1971; Tarplee et al., 1971; Etnier, 1972; Congdon, 
1973) and high current velocities (Elser, 1968). Summaries of depth and 
current velocity data collected in this study (Figures 2 and 3) suggest 
that water in straight channels was generally somewhat shallower and moved 
at higher velocities than water in sinuous channels. Depth and velocity 
data from the lower cross section at stations 1 and 2 were omitted because 
channel morphology was influenced by bridges at these sites. 
Analyses of depth and current velocity data (Appendix A) were con­
ducted on variances, rather than means because differences in the diver­
sity of these variables in straight and sinuous channels were of primary 
interest. Variances of depth snd velocity should describe the diversity 
of these characteristics even if mean depth and velocity is similar in 
straight and sinuous channels. 
A variance was calculated for depth and current velocity measurements 
from each station and expressed as a percentage of the mean to normalize 
the data. A logarithmic (base 10) transformation of this value was made 
to reduce the skew associated with sample variances (Steel and Torrie, 
1960). Transformed variances of depth and current velocity were regressed 
on channel sinuosity. The regression was not significant for depth. The 
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regression of velocity on sinuosity was significant (P=.05) with a corre­
lation coefficient of 0.78 (Figure 4). 
Longitudinal variability of stream depth is an important factor de­
termining the quantity of water stored in channels during periods of low 
flow. An analysis of variance was conducted on depth data from each site 
to separate the variance of depth between cross sections from the total 
variance. The variance between cross sections was expressed as a percent 
of mean depth to normalize the data. Again, a logarithmic transformation 
of this value was made to reduce the skew. Transformed variances were 
regressed on sinuosity (Figure 5); the relationship was significant (P= 
.05) with a correlation coefficient of 0.62. There may be more water 
stored in meandering channel segments than in straight reaches during 
periods of reduced discharge. 
Although relationships between sinuosity and the variability of depth 
and current velocity were significant, they exhibited considerable 
scatter. There are several problems associated with measuring sinuosity 
which probably contribute to this lack of fit. First, the sinuosity index 
is a composite measure of a number of meander characteristics, including 
the amplitude, wavelength, and radius of curvature. Leliavsky (1955) re­
ported that channel depth was negatively correlated with the radius of 
curvature of bends. Also, streams generally reflect a combination of 
channel and valley meanders. The sinuosity index used in this study 
measured only that portion of total sinuosity attributable to channel 
meanders. Channel meanders seemed to have the greatest influence on 
stream habitat, but pools were occasionally found in association with 
18 
O 3 
W 1000. 
> 
LOG Y - .91X + î.75 
r = .78 
1001—/ f 
SINUOSITY INDEX 
Figure 4. The relationship between the variance of current velocity 
(expressed as a percentage of the mean) and channel sinuosity 
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Figure 5. The regression of the variance of depth between cross sections 
(expressed as a percentage of mean depth) on channel sinuosity 
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valley meanders. The effect of valley meanders on stream habitat is 
probably a function of the geometry of meanders and the size of the 
stream. 
The diversity of substrate particle size was related to channel 
gradient in this study area (Table 4). Substrates were predominantly sand 
or sand-muck in low gradient stream segments, but ranged from sand to 
boulders and bedrock at high gradient sites. It should be pointed out, 
however, that substrate analysis procedures were not sensitive to changes 
in the composition or mobility of fine substrate fractions. 
Table 4. The relative abundance of various substrate size classes at each 
study site; estimates are expressed as a percentage of total 
stream bottom area 
Site 
2" 8 5 3* 9 
Slope (m/km) 
12 10 4 11 
Substrate .17 .22 .26 .31 .32 .41 .75 1.07 1.30 1.49 2.18 
Sand-muck 0 0 5 5 80 0 25 0 5 0 0 
Sand 90 80 95 80 0 85 10 40 20 50 15 
Sand-gravel 10 15 0 10 0 15 15 10 10 25 45 
Gravel 0 5 0 0 15 0 35 35 40 20 0 
Rubble 0 0 0 5 5 0 15 15 20 5 25 
Boulders 0 0 0 0 0 0 0 0 5 0 5 
Bedrock u 0 0 0 0 0 0 0 0 0 10 
^Channelized stream segments. 
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The higher gradient study sites also had greater numbers of pools and 
riffles than low gradient stream segments (Table 5). This is probably due 
in part to the availability of large substrate particles in high gradient 
channels. The total length of isolated bars was not significantly related 
to either gradient or sinuosity. 
Table 5. Numbers and kinds of bedforms at each study site 
Site 
1* 2* 7^ 8 5 3® 9 12 10 4 11 
Slope (m/km) 
Bedform .17 .22 .26 .31 .32 .41 .75 1.07 1.30 1.49 2.18 
Pools 2 3 0 6 2 2 19 22 14 14 9 
Riffles 0 1 0 0 3 0 15 15 14 15 13 
Length of 
bars (m) 247 303 507 212 170 1092 145 195 570 621 290 
^Channelized stream segments. 
The abundance of stream cover was related primarily to the type of 
bank vegetation at study sites. Woodland channel segments had a larger 
percentage of channel width shaded by overhanging terrestrial vegetation 
and greater numbers of brushpiles and snags than streams with grass as the 
predominant bank vegetation (Table 6). Both channelized and natural 
prairie stream segments had negligible amounts of stream cover. 
Channel width and water width were measured to determine if these 
variables were related to sinuosity. Mean channel width and mean water 
width were regressed on channel sinuosity; regressions were not signifi-
22 
Table 6. The abundance of shade and stream cover at each study site 
Site 
Stream type-prairie Stream type-woodland 
2' 3^ 5 7' 8 4 9 10 11 12 
% channel 
shaded 0 0 0 0 0 0 10 10 10 5 5 
Brushpiles 1 2 3 0 0 0 27 13 12 12 9 
Snags 22 6 5 6 7 1 13 42 34 11 24 
^Channelized stream segments. 
cant. Differences in the variability of depth and velocity in straight 
and sinuous streams are probably not a function of stream width. 
Invertebrate Drift 
Insects in the orders Ephemeroptera, Hemiptera, and Trichoptera 
dominated the drift in tributaries of the upper Des Moines River. Com­
bined; these taxa acccuntsd for more than 60 percent of total drift by 
numbers, at all sites. The number of invertebrate families collected at 
the study sites ranged from 19 to 25. 
Since the variability of several habitat characteristics was related 
to channel morphometry, these same morphometric variables could also be 
useful in predicting the impact of channelization on stream biota. In­
vertebrate data (Appendix B) were analyzed to determine if the abundance 
of stream drift is related to channel sinuosity or gradient= 
Mean weights and numbers of organisms in drift samples from each site 
were regressed on channel sinuosity and gradient. The regression of mean 
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drift weight on sinuosity was significant (P=.05) with a correlation co­
efficient of 0.65 (Figure 6). Mean numbers of organisms/sample (Figure 7) 
were also significantly (P=.05) correlated with channel sinuosity 
(r=0.72). Summer drift density was greater in sinuous than in straight 
channels of the upper Des Moines River Basin. 
Neither mean weight nor total numbers of organisms was related to 
channel gradient. The invertebrate fauna of high and low gradient streams 
was expected to be different, however, because high gradient sites had 
more large substrates and riffle habitat than low gradient channels. A 
correlation matrix including sinuosity, gradient, and mean numbers of the 
most abundant drift families was calculated to test this hypothesis. 
There was a significant (P=.05) negative correlation between mean 
numbers of Caenidae (Ephemeroptera) and channel gradient (Table 7). This 
relationship probably reflects adaptations of Caenidae for silty sub­
strates (Hynes, 1970). There were significant (P=.05) positive correla­
tions (Table 7) between channel sinuosity and mean numbers of Hepta-
geniidae and Siphlonuridae (Ephemeroptera). Taxa related to sinuosity 
were probably more dominant in drift than taxa related to gradient, since 
total counts and weights were correlated only with channel sinuosity. The 
positive correlation between drift density and sinuosity might result from 
greater habitat diversity or more productive habitats in sinuous channels. 
Although there was a tendency for higher drift densities in sinuous 
than in straight channels, the sinuosity index seems to be of minimal use 
in accurately predicting drift density in any particular stream segment. 
The relatively low correlations between drift and sinuosity suggest that 
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Figure 6. The regression of mean drift sample weight on channel sinuosity 
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Figure 7. The relationship between mean number of organisms/drift sample 
and channel sinuosity 
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Table 7. Correlation coefficients between channel sinuosity, gradient, 
and mean numbers of the most abundant drift taxa 
Taxon Sinuosity Gradient 
Ephemeroptera 
Caenidae -0.332 -0.764* 
Heptageniidae 0.764* 0.443 
Siphlonuridae 0.886* 0.408 
Tricorythidae 0.589 -0.300 
Hemiptera 
Corixidae 0.328 0.020 
*P=.05. 
drift is influenced by a number of variables not directly associated with 
channel sinuosity. 
Station 7, with a sinuosity index value of 1.00 was the principal 
outlier in plots of mean drift weights and numbers against channel sinu­
osity (Figures 6 and 7). The composition of drift samples at Station 7 
was compared with other sites to determine if some kinds of organisms were 
unusually abundant there (Table 8). Numbers of lentic invertebrates 
seemed to be particularly high at this site. Organisms belonging to the 
families Corixidae, Notonectidae (Hemiptera), and Ephemeridae (Ephemerop-
tera) were most abundant in the drift at Station 7. In addition-, this was 
the only site where a snail (Physidae) and a pond damselfly (Lestidae) 
were collected in drift samples. These organisms might originate from 
Lizard Lake, which is located approximately 11 km upstream of the site, or 
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Table 8. Mean numbers of selected drift taxa at each sampling site 
Station Ephemeridae Cori xi dae Notonectidae 
1® 0.3 5.8 0.3 
2^ 0.1 4.8 0.0 
3® 0.1 4.4 0.2 
4 0.5 4.7 0.1 
5 1.6 13.7 0.7 
7^ 2.1 20.0 1.4 
8 2.1 15.6 0.4 
9 0.2 7.8 0.2 
10 0.1 3.9 0.0 
11 0.3 16.7 0.0 
12 0.3 10.9 0.0 
^Channelized stream segments. 
from remnants of the natural channel which drain into the channelized 
stream through a series of culverts. Although immature insects would 
require water connections between the stream and ponded water, the adult 
Hemiptera might fly into the stream from more remote areas. 
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DISCUSSION 
Streams in the upper Des Moines River Basin fall into two distinct 
categories. Low gradient streams have predominantly grass banks and 
poorly defined valleys in Wisconsin Drift. High gradient streams tend to 
have wooded banks and flow in relatively deep, narrow valleys near the 
Des Moines and lower Raccoon rivers. Most long-reach stream alteration 
projects in the study area were conducted on the low gradient prairie 
streams. 
Several studies conducted on streams with wooded banks (Hansen and 
Muncy, 1971; Tarplee et al., 1971) suggest that channelized streams have 
less cover than natural stream segments. Although cover was abundant in 
wooded stream segments adjacent to the major drainage lines in the upper 
Des Moines River Basin, there was very little cover in either channelized 
or natural prairie streams. Channelization of the prairie streams prob­
ably had little impact on the abundance of stream cover. 
Etnier (1972) found that channelization of Middle Creek, Sevier 
County, Tennessee resulted in reduced quantities of coarse gravel and 
boulder substrates and riffle habitat. Low gradient streams in north 
central Iowa flow on Wisconsin Drift containing relatively small amounts 
of gravel and rubble size particles. Since large substrate particles and 
pool-riffle interspersion were prevalent only in high gradient channels, 
it is unlikely that channelization of the low gradient prairie streams has 
had a significant impact on either of these characteristics. 
variabil i ty of water depth and current velocity are important factors 
influencing habitat diversity in streams. The longitudinal variability of 
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water depth may also be an important factor determining the quantity of 
water stored in a channel during periods of reduced discharge. Depth and 
current velocity data from high and low gradient streams were combined to 
evaluate the effect of channel sinuosity on these parameters. Channel 
sinuosity was significantly {P=.05) correlated with the variance of cur­
rent velocity (r=.78) and the variance of depth between cross sections 
(r=.62). Channelization of tributaries in the upper Des Moines River 
Basin has reduced the variability of stream depth and current velocity, 
and has probably reduced the quantity of water stored in channels during 
periods of low flow. 
Tarplee et al. (1971) reported that channelized streams of the North 
Carolina coastal region returned to approximately natural conditions with­
in 15 years after alteration work was completed. County drainage records 
indicate that Stations 1 and 2 were channelized during the period 1914 to 
1917, Station 3 was channelized in about 1918, and Station 7 was channel­
ized in 1956. These channelized stream segments still have very low 
sinuosity index values. Hussey and Zimmerman (1953), and Noble and 
Palmquist (1968) found that the rate of meander development in channelized 
streams is related to several factors, including the original channel de­
sign. These studies suggest that variability of depth and current veloc­
ity in channelized streams does not approach natural levels at a uniform 
rate. 
Since the variability of a number of stream habitat parameters was 
related to channel morphometry, invertebrate data were examined to deter­
mine if morphometric variables could be used to predict the impact of 
channelization on drift density. Mean weights and counts of drift samples 
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were significantly (P=.05) correlated with channel sinuosity. Drift 
density was not related to channel gradient. Channelized stream segments 
generally had less drift than meandering channels. 
Habitat characteristics related to gradient and bank vegetation bear 
little relationship to the channelization problem in streams of the upper 
Des Moines River Basin. It seems probable that channelized streams in 
this region had only small quantities of coarse substrate, riffle habitat, 
and stream cover in the natural condition. 
The results of this study suggest that channelization has decreased 
habitat variability and invertebrate drift density in tributaries of the 
upper Des Moines River. Channelization has also reduced the variability 
of stream depth and current velocity, and has probably reduced the 
quantity of water stored in channels during periods of low flow. The re­
duction in stream drift could be related to the reduction in habitat 
diversity, or to elimination of more productive habitats. The impact of 
channelization on habitat diversity and invertebrate drift might be 
minimized if artificial channels were designed with some degree of 
curvature. 
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APPENDIX A: HABITAT DATA 
Table Al. Stream depth data collected from randomly located cross sections at each study site 
Station Sinuosity Section # Depth measurements (cm) 
1.05 1 10 17 14 14 15 15 14 13 7 2 
1.05 2 29 15 15 19 17 18 15 13 18 26 
1.05 3 13 13 11 13 12 16 15 15 16 17 
1.05 4 9 17 23 23 23 23 26 27 38 23 
1.05 5 10 9 12 12 12 13 10 13 16 17 
1.05 6 17 42 52 45 42 36 27 19 13 8 
1.05 7 19 15 16 20 23 25 25 26 30 39 
1.05 8 11 16 22 28 36 42 46 60 53 56 
1.05 9 41 29 16 14 14 14 16 13 8 7 
1.05 10 35 52 60 52 38 33 26 18 14 6 
1.00 1 17 23 21 21 16 16 14 11 11 10 
1.00 2 17 18 14 10 17 17 18 14 12 8 
1.00 3 5 2 6 15 22 21 24 17 14 14 
1.00 4 20 24 24 24 22 21 18 16 11 9 
1.00 5 21 18 13 15 14 13 10 7 7 6 
1.00 5 17 11 12 14 17 20 24 27 29 27 
1.00 7 8 20 26 25 30 33 41 53 58 55 
1.00 8 16 16 19 18 16 14 12 8 10 17 
1.00 9 17 17 20 21 21 18 5 6 8 11 
b
 
o
 
10 22 33 51 66 51 44 37 28 18 12 
0.95 1 10 22 22 19 18 18 15 8 5 1 
Table Al. (Continued) 
Station Sinuosity Section # 
3 0.95 2 6 14 
3 0.95 3 24 25 
3 0.95 4 12 16 
3 0.95 5 13 13 
3 0.95 6 20 34 
3 0.95 7 15 23 
3 0.95 8 6 4 
3 0.95 9 12 22 
3 0.95 10 10 15 
4 1.30 1 24 40 
4 1.30 2 28 21 
4 1.30 3 24 30 
4 1.30 4 9 16 
4 1.30 5 13 20 
4 1.30 6 28 32 
4 1.30 7 36 12 
4 1.30 8 6 13 
4 1.30 9 14 28 
4 o 
m
 10 32 38 
5 1.67 1 13 20 
5 1.67 2 10 10 
Depth measurements (cm) 
15 14 14 13 10 8 6 2 
25 13 10 8 7 7 4 3 
20 15 9 7 7 6 6 6 
10 6 4 3 2 23 23 13 
26 25 26 24 18 12 8 1 
20 15 13 13 14 13 9 4 
7 7 7 8 11 11 10 6 
14 14 16 16 14 13 10 6 
22 22 22 22 20 15 10 5 
42 57 47 43 35 29 17 8 
31 44 58 56 39 27 21 15 
28 25 27 28 28 26 16 8 
21 25 26 32 32 32 20 17 
23 23 21 26 37 48 45 29 
46 60 51 54 38 30 23 19 
12 12 12 11 16 19 17 12 
14 18 20 18 18 14 12 8 
26 26 25 23 19 15 13 9 
50 30 21 23 20 21 16 12 
18 18 18 20 22 27 24 22 
16 42 46 43 39 28 20 13 
Table Al. (Continued) 
Station Sinuosity Section # 
1.67 3 20 25 
1.67 4 9 13 
1.67 5 23 50 
1.67 6 20 33 
1.67 7 35 40 
1.67 8 2 6 
1.67 9 19 20 
1.67 10 16 17 
1.00 1 16 12 
1.00 2 6 5 
1.00 3 15 15 
1.00 4 20 28 
1.00 5 17 16 
1.00 6 3 4 
1.00 7 14 12 
1.00 8 4 12 
1 . 0 0  9 4 6 
1.00 10 4 6 
1.50 1 10 9 
1.50 2 30 44 
1.50 3 n 12 
Depth measurements (cm) 
33 39 36 38 32 24 16 12 
19 23 24 29 31 32 38 20 
65 70 62 50 38 30 19 12 
33 33 33 33 33 33 25 18 
33 34 31 27 24 21 17 11 
8 7 5 4 9 8 8 2 
25 30 28 28 25 20 13 11 
17 15 15 14 14 14 12 10 
7 10 7 8 8 7 7 6 
7 6 5 10 10 13 11 11 
12 12 8 8 7 6 5 6 
25 25 23 22 20 15 12 6 
16 11 8 0 7 3 3 3 
6 10 14 18 16 16 15 14 
5 4 8 10 10 7 6 10 
15 7 3 8 8 17 17 19 
9 9 9 8 8 8 5 3 
6 6 7 11 11 8 8 6 
14 20 26 18 16 10 12 9 
42 34 29 24 19 14 13 8 
10 12 17 18 20 31 30 20 
Table Al. (Continued) 
Station Sinuosity Section # 
8 1.50 4 27 29 
8 1.50 5 15 19 
8 1.50 6 6 10 
8 1.50 7 6 5 
8 1.50 8 26 36 
8 1.50 9 13 13 
8 1.50 10 3 5 
9 to
 
w
 1 23 40 
9 1.33 2 37 67 
9 1.33 3 28 25 
9 1.33 4 22 29 
9 1.33 5 36 66 
9 1.33 6 46 50 
9 1.33 7 7 10 
9 1.33 8 10 10 
9 1.33 9 20 14 
9 1.33 10 42 28 
10 1.30 1 21 24 
10 1.30 2 30 36 
10 1.30 3 36 62 
10 1.30 4 10 18 
Depth measurements (cm) 
26 22 20 23 19 17 16 8 
23 30 34 37 36 34 29 26 
16 20 26 28 29 33 33 27 
8 11 15 17 19 21 24 29 
40 40 37 44 36 33 29 20 
13 15 7 7 7 14 27 22 
7 9 13 10 9 8 8 5 
40 37 40 36 30 29 24 16 
86 74 60 42 36 34 23 16 
18 17 21 23 33 36 30 30 
34 40 40 40 25 16 13 7 
64 54 46 28 18 8 4 1 
43 30 19 14 16 18 26 30 
8 8 10 11 10 10 6 1 
11 11 16 18 16 12 8 5 
36 38 39 35 30 23 16 12 
37 39 32 25 19 20 20 20 
25 28 30 35 30 26 18 9 
36 38 33 37 42 43 32 14 
76 76 71 70 63 53 30 11 
18 50 40 9 6 4 1 3 
Table Al. (Continued) 
Station Sinuosity Section # 
10 1.30 5 30 31 
10 1.30 6 38 43 
10 1.30 7 24 40 
10 1.30 8 15 18 
10 1.30 9 36 39 
10 1.30 10 35 39 
11 1.36 1 19 39 
11 1.36 2 9 19 
n 1.36 3 22 42 
11 1.36 4 22 33 
11 1.36 5 32 48 
11 1.36 6 12 21 
11 1.36 7 12 12 
11 1.36 8 19 22 
n 1.36 9 3 3 
11 1.36 10 8 14 
12 1.35 1 23 38 
12 1.35 2 23 29 
12 1.35 3 6 10 
12 1.35 4 20 32 
12 1.35 5 35 52 
Depth measurements (cm) 
28 24 18 12 11 14 12 7 
40 33 32 29 32 39 44 19 
47 53 40 58 58 53 24 7 
17 17 20 20 17 16 10 8 
29 23 24 19 17 15 13 2 
39 56 40 26 24 25 16 5 
39 38 31 31 26 30 27 17 
21 27 35 43 48 41 17 3 
35 49 42 33 27 22 15 6 
20 45 38 26 22 22 21 15 
62 50 42 32 25 25 24 14 
26 38 38 43 46 41 31 17 
12 11 9 14 25 16 11 5 
25 24 14 7 12 14 19 11 
7 5 5 6 8 15 6 4 
18 20 14 34 38 38 31 10 
40 43 40 38 34 28 18 11 
33 31 29 22 23 26 28 13 
16 18 19 19 19 17 10 2 
32 41 29 20 22 39 29 9 
62 59 43 35 27 24 16 10 
Table Al. (Continued) 
Station Sinuosity Section # Depth measurements (cm) 
12 1.35 6 12 14 20 29 30 29 25 22 15 8 
12 1.35 7 25 23 13 10 2 10 20 20 30 26 
12 1.35 8 10 23 37 31 37 36 30 22 17 10 
12 1.35 9 23 45 39 46 57 57 43 27 13 12 
12 1.35 10 43 35 27 25 23 23 31 18 8 10 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Current velocity data collected from randomly located cross sections at each study site 
Siinuosity Section # Velocity measurements (cm/sec) 
1.05 1 18 23 22 29 34 34 27 8 16 0 
1.05 2 7 7 9 18 18 22 17 19 13 12 
1.05 3 14 12 19 21 20 20 22 21 18 22 
1.05 4 14 18 20 30 29 27 30 31 27 4 
1.05 5 10 18 24 26 25 25 17 22 27 22 
1.05 6 1 13 18 17 17 17 12 9 11 4 
1.05 7 5 10 8 12 13 18 19 18 16 2 
1.05 8 1 4 9 11 12 12 14 13 14 4 
1.05 9 27 24 19 22 22 24 17 16 14 6 
1.05 10 5 11 16 13 9 2 0 0 0 0 
1.00 1 32 35 34 34 33 28 35 33 31 19 
o
 
o
 
2 28 26 23 18 25 28 27 25 11 17 
1.00 3 0 0 15 16 31 44 32 25 16 0 
1.00 4 5 20 22 24 28 22 21 14 14 13 
1.00 5 26 21 24 24 27 28 25 27 19 16 
1.00 6 11 15 17 16 19 16 18 16 18 11 
1.00 7 0 1 8 12 15 12 14 8 8 8 
1.00 8 18 19 21 20 21 20 14 17 19 16 
1.00 9 14 25 25 26 22 17 17 22 29 29 
1.00 10 1 7 8 9 10 9 8 1 0 0 
0.95 1 0 22 19 22 22 26 18 8 0 0 
Table A2. (Continued) 
Station Sinuosity Section # 
3 0.95 2 7 18 
3 0.95 3 11 22 
3 0.95 4 10 24 
3 0.95 5 25 30 
3 0.95 6 0 13 
3 0.95 7 0 17 
3 0.95 8 16 12 
3 0.95 9 0 16 
3 0.95 10 0 8 
4 1.30 1 38 62 
4 1.30 2 7 2 
4 •J. 30 3 25 39 
4 1.30 4 0 0 
4 1.30 5 0 26 
4 1.30 6 1 1 
4 w
 
o
 
7 8 27 
4 1.30 8 9 28 
4 1.30 9 26 43 
4 1.30 10 15 14 
5 1.67 1 0 0 
5 1.67 2 0 0 
Velocity measurements (cm/sec) 
22 21 22 19 
21 22 17 19 
30 23 15 15 
23 18 6 0 
18 14 15 0 
17 14 14 13 
12 21 20 18 
27 26 26 24 
14 14 12 12 
53 65 58 36 
25 26 45 41 
41 43 45 41 
8 27 32 40 
36 44 36 49 
11 11 11 2 
23 26 26 23 
40 44 42 38 
51 54 53 49 
17 21 21 22 
3 3 1 2 
0 0 0 0 
14 12 0 
11 0 0 
7 17 17 
20 25 25 
0 0 0 
10 6 0 
25 17 19 
16 11 2 
0 0 0 
4 10 0 
37 36 26 
45 39 31 
33 25 23 
26 4 0 
14 15 10 
24 24 17 
33 28 13 
41 35 28 
17 20 15 
1 1 0 
0 0 0 
14 
10 
11 
0 
0 
13 
24 
19 
9 
7 
31 
29 
40 
50 
14 
26 
39 
49 
18 
0 
0 
Table A2. (Continued) 
Station Sinuosity Section # 
1.67 3 1 1 
1.67 4 0 0 
1.67 5 0 0 
1.67 6 0 0 
1.67 7 0 0 
1.67 8 0 3 
1.67 9 2 1 
1.67 10 4 0 
1.00 1 19 20 
1.00 2 17 11 
1.00 3 21 29 
1.00 4 0 2 
1.00 5 26 31 
1.00 6 0 0 
1.00 7 24 20 
o
 
o
 
8 12 29 
1.00 9 9 19 
1.00 10 10 11 
1.50 1 9 28 
1.50 2 13 16 
1.50 3 18 27 
Velocity measurements (cm/sec) 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
6 26 14 24 
1 0 0 0 
1 0 0 0 
16 15 16 20 
11 3 8 14 
25 19 n 0 
4 17 18 18 
26 13 5 0 
8 13 17 21 
16 16 20 24 
30 17 10 0 
21 21 21 22 
14 0 20 25 
34 31 22 20 
16 13 14 13 
35 30 31 31 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
40 46 0 
0 0 0 
0 0 0 
17 19 9 
16 22 17 
0 0 0 
9 0 0 
7 0 0 
25 18 12 
8 13 6 
9 10 0 
18 13 0 
27 19 18 
11 7 6 
8 7 0 
6 0 0 
0 
0 
0 
0 
0 
29 
0 
0 
19 
11 
0 
13 
11 
26 
12 
0 
21 
29 
12 
10 
16 
Table A:?. (Continued) 
Station Sinuosity Section # 
8 1.50 4 13 10 
8 1.50 5 5 1 
8 1.50 6 0 8 
8 1.50 7 0 0 
8 1.50 8 1 1 
8 1.50 9 20 22 
8 1.50 10 0 22 
9 1.33 1 0 0 
9 1.33 2 0 0 
9 1.33 3 0 1 
9 1.33 4 G 9 
9 1.33 5 0 0 
9 1.33 6 0 0 
9 1.33 7 40 26 
9 ^ 1.33 8 16 17 
9 1.33 9 6 3 
9 1.33 10 0 0 
10 1.30 1 0 0 
10 1.30 2 0 1 
10 1.30 3 0 0 
10 1.30 4 0 0 
Velocity measurements (cm/sec) 
17 18 10 0 
4 4 5 4 
14 9 12 13 
15 17 17 19 
1 4 5 5 
25 28 23 22 
24 35 35 43 
2 0 0 1 
0 0 0 0 
0 0 1 0 
2 1 5 2 
0 2 0 0 
0 1 3 5 
35 29 21 19 
19 24 23 20 
12 11 11 7 
0 0 7 9 
0 0 1 1 
1 1 2 2 
0 0 0 0 
0 3 0 0 
13 18 0 
5 6 2 
17 16 14 
21 21 21 
9 6 0 
7 15 18 
33 28 20 
0 0 0 
0 0 0 
1 1 0 
2 2 0 
0 0 0 
5 0 0 
1 0 0 
16 11 6 
3 0 0 
5 3 1 
7 6 0 
0 0 0 
0 0 0 
0 0 0 
6 
6 
15 
16 
5 
26 
34 
0 
0 
0 
8 
0 
0 
14 
21 
9 
4 
6 
6 
0 
9 
Table A2. (Continued) 
Station Sinuosity Section if 
10 1.30 5 0 0 
10 1.30 6 0 1 
10 1.30 7 0 0 
10 1.30 8 0 1 
10 1.30 9 0 0 
10 1.30 10 0 0 
11 1.36 1 0 0 
11 1.36 2 0 0 
11 1.36 3 5 3 
11 1.36 4 0 5 
11 1.36 5 0 0 
11 1.36 6 0 0 
11 1.36 7 0 0 
11 1.36 8 10 13 
11 1.36 9 0 20 
11 1.36 10 7 4 
12 1.35 1 0 7 
12 1.35 2 0 0 
12 1.35 3 0 0 
12 1.35 4 0 13 
12 1.35 5 0 0 
Velocity measurements (cm/sec) 
1 1 3 8 
0 0 0 0 
0 0 0 0 
1 1 1 0 
2 4 1 0 
0 1 1 0 
10 9 12 13 
9 18 21 22 
9 11 11 n 
6 9 14 13 
0 8 8 9 
0 2 8 14 
11 17 9 10 
12 8 7 7 
22 24 17 30 
7 4 14 11 
12 13 9 12 
0 5 8 9 
15 33 51 59 
17 19 0 8 
4 0 5 6 
8 8 0 
0 0 0 
0 0 0 
1 1 0 
0 0 0 
0 0 0 
17 14 9 
15 0 0 
9 7 0 
10 9 0 
6 6 0 
9 9 0 
17 12 0 
5 0 0 
47 19 14 
5 4 2 
9 0 0 
10 10 8 
39 0 0 
0 0 0 
8 8 6 
9 
0 
0 
1 
1 
0 
13 
18 
10 
9 
7 
16 
14 
8 
40 
7 
14 
10 
42 
0 
5 
Table A2. (Continued) 
Station Sinuosity Section # Velocity measurements (cm/sec) 
12 1.35 6 16 0 4 10 11 9 11 13 12 3 
12 1.35 7 2 20 0 0 0 16 22 34 36 30 
12 1.35 8 0 0 6 19 20 21 14 9 0 0 
12 1.35 9 0 0 6 0 9 14 13 0 0 0 
12 1.35 10 0 6 7 6 5 0 0 0 0 0 
1 
2 
3 
4 
5 
7 
8 
9 
10 
n 
12 
Water width data collected from randomly located cross sections at each study site 
Waiter width (meters) 
12.8 12.7 14.0 6.5 13.9 8.8 12.6 8.8 10.1 9.7 
9.6 13.6 13.4 12.7 15.7 14.8 12.7 16.9 14.0 13.8 
6.2 7.9 7.3 10.7 10.9 10.4 12.7 14.6 9.2 13.3 
6.4 9.7 9.2 13.7 12.0 9.7 10.8 6.7 7.5 7.3 
14.2 10.2 10.6 11.3 10.4 12.7 13.8 9.2 9.0 9.8 
11.9 12.1 12.5 8.3 10.8 8.5 12.0 12.0 12.8 11.3 
7.9 6.2 8.0 10.1 11.2 7.9 9.0 10.1 10.5 12.4 
13.4 13.1 13.5 8.2 12.5 13.2 6.3 5.5 4.8 8.8 
9 . 2  9.8 10.5 10.8 12.9 13.9 8.9 12.2 11.9 11.6 
17.9 10.7 16.9 19.7 19.5 11.1 18.8 20.8 21.4 15.0 
9.1 19.2 8.4 14.4 15.9 20.2 12.8 10.7 14.6 22.5 
1 
2 
3 
4 
5 
7 
8 
9 
10 
11 
12 
Channel width data collected from randomly located cross sections at each study site 
Channel width (meters) 
17.. 6 15.2 17.0 18.0 18.5 ;5.i 16.7 18.7 20.5 18.6 
17.7 17.1 17.7 16.2 17.4 18.4 17.4 19.8 17.0 16.0 
21.7 23.5 24.6 21.7 22.8 23.3 24.6 21.0 23.1 26.0 
22.8 21.2 19.5 17.7 16.5 17.5 19.0 23.7 27.4 18.7 
16.0 12.6 11.9 14.9 13.0 17.4 18.3 20.0 14.9 12.4 
16.0 16.4 16.0 13.3 12.9 15.3 14.6 14.4 16.3 14.9 
12.3 16.1 16.3 13.0 14.1 13.9 14.4 16.0 12.4 15.9 
17.5 16.0 15.9 16.7 19.0 16.7 23.9 17.2 17.4 11.5 
18.5 19.8 16.6 21.4 17.5 18.4 18.9 14.9 21.4 14.9 
25.0 26.4 27.5 26.4 28.0 14.9 23.8 22.8 23.5 21.4 
32.0 21.2 21.6 22.2 24.4 32.3 22.9 32.2 25.4 29.6 
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Table Bl. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period June 17-23, 1974 
Taxa 
Station 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 0-5-0 
Amphipoda 
Tali tridae 1-0-0 
Insecta 
Ephemeroptera 
Baetidae 9 - 11 - 9 
Baetiscidae 0-0-0 
Caenidae 25 - 10 - 1 
Ephemeridae 0-0-0 
Heptageniidae 14 - 2 - 8 
Polymitarcidae 0-0-0 
Potamanthidae 0 - 0 - 0 
Siphlonuridae -0-0 
Tricorythidae 0- -  
Odonata 
Coenagrionidae 0-1-0 
Gomphidae 2-2-  
Plecoptera 
Perlidae 0-1-2 
Pteronarcidae 0 - 0 - 0 
Hemiptera 
Corixidae 22 - 24 - 12 
Trichoptera 
Hydropsychidae 1 - 0 - 0 
Leptoceridae 0-1-2 
Coleoptera 
Dryopidae 1-0-0 
Dytiscidae 0-1-  
Elmidae -0-0 
Haliplidae 0- -  
Hydrophilidae 1-0-0 
Diptera 
ChironoiTiidae 11 = 0 - 1 
Simuliidae 0-0-0 
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Table B1. (Continued) 
Station 
Taxa 4 5 7 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 3-71 - 2 
Amphipoda 
Tali tridae 0-3-0 
Insecta 
Ephemeroptera 
Baetidae 3-4-4 
Baetiscidae 0-1-0 
Caenidae 0 - 18 - 7 
Ephemeridae -2-2 
Heptageniidae 76 - 46 - 11 
Polymitarcidae 0-0-0 
Potamanthidae 0 0 - 0 
Siphlonuridae 7-0-16 
Tricorythidae 0- -0 
Odonata 
Coenagrionidae 2-0-0" 
Gomphidae 0-1-5 
Plecoptera 
Perlidae 0 - 9 - 5 
Pteronarcidae -0-0 
Hemiptera 
Corixidae 0 - 46 - 55 
Trichoptera 
Hydropsychidae 0-0-3 
Leptoceridae 0 - 0 - 18 
Coleoptera 
Dryopidae 0-0-0 
Dytiscidae 1- -  
Elmidae 3-2-0 
Haliplidae 0-0-1 
Hydrophilidae - -0 
Diptera 
Chironomidae 1-1-0 
Simuiiidae -0-3 
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Table Bl. (Continued) 
Station 
Taxa 8 9 10 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 5 2 0 3 
Amphipoda 
Talitridae 0 0 0 0 
isecta 
Ephemeroptera 
Baetidae 12 2 0 1 
Baetiscidae 0 0 0 0 
Caenidae 35 0 0 0 
Ephemeridae 2 0 0 0 
Heptageniidae 25 20 23 28 
Polymitarcidae 0 0 0 0 
Potamanthidae 5 0 0 0 
Siphlonuridae 7 1 4 2 
Tricorythidae 0 0 0 0 
Odonata 
Coenagrionidae 0 1 1 0 
Gotnphidae 7 0 1 0 
Plecoptera 
Perlidae 3 4 9 14 
Pteronarcidae 0 0 0 0 
Hemiptera 
Corixidae 35 4 4 3 
Trichoptera 
Hydropsychidae 0 1 0 1 
Leptoceridae 0 2 5 2 
Coleoptera 
Dryopidae 0 0 0 0 
Dytiscidae 0 0 1 0 
Elmidae 0 0 0 1 
Haliplidae 0 0 0 1 
Hydrophilidae 0 0 0 0 
Diptera 
Chironomidae 0 0 0 2 
Simuliidae 0 0 1 0 
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Table Bl. (Continued) 
Station 
Taxa 11 12 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 3 4 1 4 
Amphipoda 
Tali tridae 0 0 0 0 
)secta 
Ephemeroptera 
Baetidae 0 1 8 7 
Baetiscidae 0 0 0 0 
Caenidae 1 0 2 2 
Ephemeridae 0 0 0 0 
Heptageniidae 9 16 13 25 
Polymitarcidae 12 9 55 89 
Potamanthidae 11 13 33 31 
Siphlonuridae 17 24 18 33 
Tricorythidae 5 0 0 1 
Odonata 
Coenagrionidae 0 0 0 0 
Gomphidae 0 0 0 1 
Plecoptera 
Perlidae 13 18 34 45 
Pteronarcidae 0 1 1 0 
Hemiptera 
Corixidae 11 7 13 6 
Trichoptera 
Hydropsychidae 10 33 27 21 
Leptoceridae 4 3 15 8 
Coleoptera 
Dryopidae 0 0 0 0 
Dytiscidae 1 0 0 0 
Elmidae 2 1 1 0 
Haliplidae 0 0 0 1 
Hydrophilidae 0 0 0 0 
Diptera 
Chironomidae 1 0 1 1 
Sirnul 11 dâê , 0 0 0 1 
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Table B2. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 1-5, 1974 
Station 
Taxa 1 2 3 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 0 0 0 
Amphipoda 
Tali tridae 1 0 0 
isecta 
Ephemeroptera 
Baetidae 6 6 5 
Caenidae 11 9 10 
Ephemeridae 0 0 0 
Heptageniidae 4 6 2 
Polymitarcidae 0 0 0 
Potamanthidae 0 0 0 
Siphlonuridae 0 0 0 
Tricorythidae 0 0 0 
Odonata 
Coenagrionidae 0 0 0 
Gomphidae 0 0 0 
Plecoptera 
Perlidae 0 0 0 
Hemiptera 
Corixidae 19 9 0 
Notonectidae 1 0 1 
Trichoptera 
Hydropsychidae 0 1 1 
Leptoceridae 2 3 6 
Coleoptera 
Dytiscidae 0 0 0 
Elmidae 0 1 0 
Haliplidae 0 0 0 
Diptera 
Chironomidae 0 0 0 
Simuliidae 0 0 0 
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Table B2. (Continued) 
Station 
Taxa 4 5 7 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 1 0 1 0 0 
Amphipoda 
Tali tridae 0 2 2 0 2 
isecta 
Ephemeroptera 
Baetidae 6 3 n 5 0 
Caenidae 0 0 4 2 14 
Ephemeridae 0 0 2 1 2 
Heptageniidae 17 6 1 0 7 
Polymitarcidae 0 0 1 0 26 
Potamanthidae 0 0 0 2 0 
Siphlonuridae 5 2 1 1 3 
Tricorythidae 0 0 0 0 1 
Odonata 
Coenagrionidae 0 3 • 0 0 0 
Gomphidae 0 1 0 0 1 
Plecoptera 
Perlidae 0 0 5 4 1 
Hemiptera 
Corixidae 1 0 2 4 7 
Notonectidae 0 0 0 0 0 
Trichoptera 
Hydrcpsychidae 1 1 7 â 8 
Leptoceridae 6 7 16 14 19 
Coleoptera 
Dytiscidae 0 0 0 0 0 
Elmidae 1 0 0 0 0 
Haliplidae 0 0 0 0 0 
Diptera 
Chironomidae 3 0 1 1 3 
Simuliidae 0 0 0 0 0 
56 
Table B2. (Continued) 
Station 
Taxa 8 9 10 
Arthropode 
Crustacea 
Decapoda 
Astacidae 0 0 1 0 0 
Amphipoda 
Tali tridae 0 0 0 0 0 
isecta 
Ephemeroptera 
Baetidae 1 4 0 1 0 
Caenidae 11 0 0 0 0 
Ephemeridae 1 0 0 0 0 
Heptageniidae 18 8 23 7 13 
Polymitarcidae 0 0 0 0 0 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 5 0 3 1 3 
Tricorythidae 0 0 0 0 0 
Odonata 
Coenagrionidae 0 2 4 0 1 
Gomphidae 3 0 0 0 1 
Plecoptera 
Psrlidae 0 1 6 2 4 
Hemi ptera 
Corixidae 5 4 2 3 6 
Notonectidae 0 0 1 0 0 
Trichoptera 
iijrui updjrcit i uac 0 1 1 0 O u 1 1 
Leptoceridae 0 9 17 2 3 
Coleoptera 
Dytiscidae 0 0 0 1 0 
Elmidae 1 2 0 0 0 
Haliplidae 0 0 0 0 0 
Diptera 
Chironomidae 2 0 1 0 0 
Simuliidae 0 0 0 0 0 
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Table B2. (Continued) 
Station 
Taxa n 12 
Arthropoda 
Crustacea 
Decapoda 
Astacidae 0  0  1  0  
Amphipoda 
Talitridae 1  1  0  0  
isecta 
Ephemeroptera 
Baetidae 3  4  1  2  
Caenidae 0  0  0  0  
Ephemeri dae 0  0  0  0  
Heptageniidae 2  1 1  2  3  
Polymitarcidae 6  6  1 4  9  
Potamanthidae 0  1  0  2  
Siphlonuridae 0  2  1  4  
Tricorythidae 2  0  0  1  
Odonata 
Coenagrionidae 0  0  0  0  
Gomphidae 0  0  0  0  
Plecoptera 
Perlidae 0  0  2  2  
Hemiptera 
Corixidae 2  1 0  4  3  
Notonectidae 0  0  0  0  
Trichoptera 
0  1 A 0 njruf vpajf vn i uac 
Leptoceridae 
%/ 
8 3 
T 
4 5 
Coleoptera 
Dytiscidae 0 0 0 0 
Elmidae 0 0 0 2 
Haliplidae 1 0 0 0 
Diptera 
Chironomidae 4 0 0 1 
Simuliidae 0 0 0 1 
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Table B3. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 15-23, 1974 
Station 
Taxa 1 2 3 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 1 0 10 7 0 
Caenidae 1 0 4 0 2 
Ephemeri dae 0 0 0 0 0 
Heptageniidae 1 1 3 0 0 
Polymitarcidae 2 0 17 7 12 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 0 0 10 0 0 
Tricorythidae 2 1 27 18 25 
Odonata 
Coenagrionidae 0 0 0 0 0 
Gomphidae 0 0 0 0 0 
Plecoptera 
Perlidae 0 0 0 0 0 
Hemiptera 
Corixidae 8 1 0 5 3 
Notonecti dae 3 0 0 1 1 
Trichoptera 
Hydropsychidae 3 1 6 2 2 
Lsptcceridae 3 0 3 1 0 
Coleoptera 
Dytiscidae 0 0 0 0 0 
Elmidae 1 0 0 0 0 
Haliplidae 1 2 1 0 1 
Diptera 
Chironomidae 1 0 16 0 4 
Simuliidae 0 0 0 0 0 
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Table B3. (Continued) 
Station 
Taxa 4 5 7 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 2 0 5 2 
Caenidae 0 1 4 2 
Ephemeridae 2 0 0 3 
Heptageniidae 14 5 15 4 
Polymitarcidae 4 6 27 6 
Potamanthidae 0 0 1 0 
Siphlonuridae 16 2 8 5 
Tricorythidae 60 38 88 20 
Odonata 
Coenagrionidae 0 0 0 0 
Gomphidae 0 0 1 0 
Plecoptera 
Perlidae 0 0 0 0 
Hemiptera 
Corixidae 0 9 27 36 
Notonectidae 0 1 2 0 
Trichoptera 
Hydropsychidae 1 2 15 4 
Leptoceridae 8 0 8 1 
Coleoptera 
Dytiscidae 0 0 2 0 
Elmidae 2 5 3 2 
Haliplidae 0 2 0 1 
Diptera 
Chironomidae 2 2 5 1 
Simuliidae 0 0 0 1 
60 
Table B3. (Continued) 
Station 
Taxa 8 9 10 
Arthropoda 
Crustacea 
Atnphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 12 1 4 12 6 
Caenidae 9 3 2 5 3 
Ephemeridae 0 1 0 0 0 
Heptageniidae 17 53 33 32 16 
Polymitarcidae 0 13 3 19 14 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 15 20 17 30 8 
Tricorythidae 45 52 48 28 37 
Odonata 
Coenagrionidae 0 0 0 0 1 
Gomphidae 1 0 1 5 4 
Plecoptera 
Perlidae 0 0 0 1 0 
Hemiptera 
Cori xi dae 16 5 2 0 2 
Notonectidae 0 0 0 0 0 
Trichoptera 
Hydropsychidae 38 3 2 12 6 
Leptoceridae 11 5 11 9 6 
Coleoptera 
Dytiscidae 1 0 0 0 0 
Elmidae 2 2 1 7 5 
Hal iplidae 1 0 0 0 1 
Diptera 
Chironomidae 11 0 0 2 0 
Simuliidae 0 0 0 0 0 
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Table B3. (Continued) 
Station 
Taxa 11 12 
Arthropoda 
Crustacea 
Atnphipoda 
Tali tridae 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 6 2 3 3 
Caenidae 0 12 2 3 
Ephemeridae 0 0 0 0 
Heptageniidae 9 3 5 5 
Polymitarcidae 34 18 6 32 
Potamanthidae 0 2 0 1 
Siphlonuridae 16 13 25 34 
Tricorythidae 20 19 2 4 
Odonata 
Coenagrionidae 0 0 0 0 
Gomphidae 0 0 1 1 
Plecoptera 
Perlidae 0 0 0 1 
Hemiptera 
Corixidae 4 2 2 1 
Notonectidae 0 0 0 G 
Trichoptera 
Hydropsychidae 0 0 2 5 
Leptoceridae 3 5 8 6 
Col«optera 
Dytiscidae 0 0 0 0 
Elmidae 1 0 2 1 
Haliplidae 1 0 2 0 
Diptera 
Chi ronomidae 0 1 1 1 
Simuliidae 0 0 0 0 
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Table B4. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 29 to August 6, 1974 
Station 
Taxa 1 2 3 
Arthropoda 
Insecta 
Ephemeroptera 
Baetidae 3 0 1 1 1 0 
Caenidae 4 5 1 3 7 1 
Ephemeridae 0 0 0 0 0 1 
Heptageniidae 1 6 1 4 3 3 
Polymitarcidae 0 0 0 0 1 0 
Potamanthidae 0 0 0 0 0 0 
Siphlonuridae 2 0 1 4 0 0 
Tricorythidae 0 1 3 3 1 0 
Odonata 
Gomphidae 0 1 0 0 0 0 
Plecoptera 
Perlidae 0 1 0 0 0 0 
Hemiptera 
Corixidae 0 0 0 5 0 1 
Gerridae 0 0 1 0 0 0 
Trichoptera 
Hydropsychidae 0 1 4 5 0 0 
Leptoceridae 0 0 1 1 1 0 
Coleoptera 
Elmidae 0 0 1 0 0 0 
Haliplidae 0 0 0 0 1 1 
Diptera 
Chironomidae z 2 6 0 9 G 
Ephydridae 0 0 0 0 0 0 
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Table B4. (Continued) 
Station 
Taxa 4 5 
Arthropoda 
Insecta 
Ephemeroptera 
Baetidae 2 4 2 3 0 1 
Caenidae 2 0 2 7 0 5 
Ephemeridae 0 0 3 1 0 0 
Heptageniidae 1 3 3 7 4 1 
Polymitarcidae 0 0 1 11 0 0 
Potamanthidae 0 0 0 0 0 0 
Siphlonuridae 1 2 0 0 0 0 
Tricorythidae 7 1 12 21 3 61 
Odonata 
Gomphidae 0 1 0 0 0 0 
Plecoptera 
Perlidae 0 0 0 0 0 0 
Hemiptera 
Corixidae 0 1 1 0 0 1 
Gerridae 0 0 0 0 0 0 
Trichoptera 
Hydropsychidae 1 2 3 1 3 4 
Leptoceridas 2 2 2 0 0 6 
Coleoptera 
Elmidae 1 2 2 2 0 3 
Haliplidae 0 0 0 0 0 0 
Diptera 
l* «2 M Aim* «i J \^I1 1 1 Uf lUtll 1 uoc 0 1 •j 4 1 6 
Ephydridae 0 Ô Ô 2 0 0 
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Table B4. (Continued) 
Station 
Taxa 8 10 
Arthropoda 
Insecta 
Ephemeroptera 
Baetidae 3 3 1 5 6 
Caenidae 15 0 0 2 0 
Ephemeridae 7 0 0 G 0 
Heptageniidae 10 4 6 2 4 
Polymitarcidae 0 1 0 1 0 
Potamanthidae 1 0 0 0 0 
Siphlonuridae 5 1 0 1 1 
Tricorythidae 15 4 8 0 1 
Odonata 
Gomphidae 0 0 0 1 1 
Plecoptera 
Perli dae 0 G 0 1 0 
Hemiptera 
Corixidae 6 0 1 2 0 
Gerridae 0 G 2 0 0 
Trichoptera 
Hydropsychidae 9 1 3 2 5 
Leptoceridae 3 1 5 2 0 
Coleoptera 
Elmidae 0 1 1 2 2 
Haliplidae 0 1 0 0 1 
Diptera 
Chironomidae 1 2 10 1 1 
Ephydridae 0 0 0 0 0 
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Table B4. (Continued) 
Station 
Taxa 11 12 
Arthropoda 
Insecta 
Ephemeroptera 
Baetidae 0 3 2 0 
Caenidae 1 0 2 0 
Ephemeri dae 2 1 0 0 
Heptageniidae 2 6 3 4 
Polymitarcidae 9 11 3 2 
Potamanthidae 0 0 0 0 
Siphlonuridae 2 1 1 0 
Tricorythidae 7 15 2 1 
Odonata 
Gomphidae 2 1 0 0 
Plecoptera 
Perli dae 0 1 1 0 
Hemiptera 
Corixidae 1 1 3 0 
Gerridae 0 0 0 0 
Trichoptera 
Hydropsychidae 1 3 1 1 
Leptoceridae 2 0 1 2 
Coleoptera 
Elmidae 2 2 0 0 
Hall plidae 1 0 0 0 
Diptera 
Chironomidae 2 0 1 1 
Ephydridae 0 0 0 0 
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Table B5. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period August 7-16, 1974 
Station 
Taxa 1 2 
Annelida 
Hirudinea 
Rhynchobdel1i da 
Glossiphoniidae 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 1 4 5 3 0 0 
Caenidae 9 10 10 9 11 n 
Ephemeridae 0 1 2 0 0 0 
Heptageniidae 0 1 2 3 0 0 
Polymitarcidae 0 0 0 1 0 0 
Potamanthidae 0 0 0 0 0 0 
Siphlonuridae 0 0 1 0 0 0 
Tricorythidae 0 1 2 1 1 0 
Odonata 
Coenagrionidae 0 0 0 0 0 0 
Gomphidae 0 0 0 1 0 0 
Plecoptera 
Perlidae 0 0 0 0 0 0 
Hemi ptera 
Corixidae 0 0 1 0 6 3 
Gerridae 0 0 0 0 0 0 
Notonectidae 0 0 0 0 0 0 
Trichoptera 
Hydropsychidae 1 0 24 29 1 3 
Leptoceridae 0 2 1 0 1 3 
Coleoptera 
Elmidae 0 1 0 0 1 0 
Hall plidae 2 0 0 0 6 1 
Diptera 
Chironomidae 32 24 8 9 90 110 
Ephydridae 1 0 0 0 0 0 
Simuliidae 0 0 0 0 0 1 
Physidae 0 0 0 0 0 0 
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Table B5. (Continued) 
Station 
Taxa 4 5 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 
Arthropoda 
Crustacea 
Atnphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baeti dae 3 9 2 3 4 8 
Caenidae 1 3 21 17 9 24 
Ephemeridae 3 1 10 7 2 1 
Heptageniidae 11 10 10 11 1 4 
Polymitarcidae 2 7 2 0 0 0 
Potamanthidae 0 0 0 1 0 0 
Siphlonuridae 9 4 8 6 0 2 
Tricorythidae 5 11 105 60 9 33 
Odonata 
Coenagrionidae 0 0 0 0 0 0 
Gomphidae 0 1 0 0 0 G 
Plecoptera 
Perlidae 0 0 0 0 0 0 
Hemi ptera 
Corixidae 0 1 13 12 4 6 
Gerridae 0 0 0 0 ù 1 
Notonectidae 0 0 4 4 23 3 
Trichoptera 
Hydropsychidae 2 4 7 6 6 6 
Leptoceridae 1 1 2 1 0 7 
Coleoptera 
Elmidae 6 1 3 1 0 2 
Haliplidae 0 1 0 0 7 1 
Diptera 
Chironotnidae 5 2 0 4 15 15 
Ephydridae 0 0 0 Û 0 0 
Simuli idae 0 0 0 0 2 0 
Physidae 0 0 0 0 0 1 
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Table B5. (Continued) 
Station 
Taxa 8 9 10 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 
Insecta 
Ephemeroptera 
Baeti dae 0 1 10 5 4 7 
Caenidae 7 13 1 1 0 3 
Ephemeridae 3 1 2 0 0 0 
Heptageniidae 4 5 12 9 4 1 
Polymitaraidae 0 0 2 1 0 0 
Potamanthidae 0 0 0 0 0 0 
Siphlonuridae 0 1 4 3 3 7 
Tricorythidae 12 10 9 12 3 2 
Odonata 
Coenagrionidae 0 0 0 0 0 1 
Gomphidae 0 0 1 2 4 3 
Plecoptera 
Perlidae 0 0 0 1 0 1 
Hemiptera 
Corixidae 14 10 2 3 4 3 
Gerridae 1 0 Û 0 0 0 
Notonectidae 1 0 2 0 0 0 
Trichoptera 
Hydropsychidae 4 5 4 2 12 7 
Leptoceridae 3 0 7 3 1 0 
Coleoptera 
Elmidae 1 1 0 0 0 1 
Haliplidae 1 0 0 1 1 0 
Diptera 
Chironomidae 5 5 2 6 1 4 
Ephydridae 0 0 0 0 0 0 
Simuliidae 0 G 0 0 0 0 
Physidae 0 0 0 0 0 0 
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Table B5. (Continued) 
Station 
Taxa n 12 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 0 0 0 0 
Arthropoda 
Crustacea 
Atnphipoda 
Tali tridae 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 4 3 2 3 
Caenidae 1 1 5 3 
Ephemeri dae 0 0 2 1 
Heptageniidae 9 9 8 6 
Polymitarcidae 2 1 3 2 
Potamanthidae 0 0 0 0 
Siphlonuridae 1 2 5 2 
Tricorythidae 6 2 4 5 
Odonata 
Coenagrionidae 0 0 0 0 
Gonriphidae 0 Q 0 0 
Plecoptera 
Perlidae 0 0 0 0 
Hemiptera 
Corixidae 1 0 2 1 
Gerridâé 0 0 0 Q 
Notonectidae 0 0 0 0 
Trichoptera 
Hydropsychidae 1 2 6 2 
Leptoceridae 0 1 0 2 
Coleoptera 
Elmidae 2 1 2 2 
Haliplidae Q 0 0 0 
Diptera 
Chironomidae 0 0 0 1 
Ephydridae 0 0 0 0 
Simuîiidae 0 0 Ô i 
Physidae 0 0 0 0 
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Table B6. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period May 27 to June 4, 1975 
Station 
Taxa 1 2 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 0 0 0 0 
Arthropoda 
Crustacea 
Amphi poda 
Tali tridae 0 0 0 1 
Cladocera 
Daphnidae 0 0 0 0 
Insecta 
Ephemeroptera 
Baeti dae 18 27 27 80 
Baetiscidae 1 3 2 8 
Caenidae 18 21 17 30 
Ephemeridae 0 0 0 0 
Heptageniidae 1 0 .0 2 
Potamanthidae 0 0 0 0 
Odonata 
Cosnagrionidae 0 0 1 0 
Gomphidae 1 C 1 0 
Lestidae 0 0 0 0 
Plecoptera 
Perlidae 
U v% A 
0 0 0 0 
1 tctn 1wwi w 
Corixidae 1 3 5 5 
Trichoptera 
Hydropsychidae 1 0 0 0 
Leptoceri dae 0 0 0 0 
Coleoptera 
Dytiscidae 0 0 0 0 
Elmidae 0 0 1 0 
Haliplidae 0 0 0 0 
Diptera 
Chironomidae 0 0 0 0 
Ephydridae 0 0 0 Q 
Simuliidae 0 0 0 0 
3 
0 
15 
1 
38 
0 
2 
0 
0 
1 
0 
0 
8 
3 
1 
0 
0 
0 
4 
0 
0 
Table B6. (Continued) 
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Station 
Taxa 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 0 0 0 0 0 0 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 12 12 0 0 
Cladocera 
Daphnidae 0 0 26 10 0 0 
Insecta 
Ephemeroptera 
Baetidae 20 27 26 25 9 14 
Baetiscidae 1 1 0 0 1 0 
Caenidae 4 5 2 4 8 14 
Ephemeridae 2 1 0 0 1 0 
Heptageniidae 20 25 3 2 2 4 
Potamanthidae 0 0 0 0 0 0 
Odonata 
Coenagrionidae 0 0 1 0 0 0 
Gomphidae 0 0 0 0 1 2 
Lestidae 0 0 0 0 1 0 
Plecoptera 
Perlidae 0 1 G 0 0 0 
Hemiptera 
Ccrixidae 56 H 16 11 44 21 
Trichoptera 
Hydropsychidae 0 0 0 0 0 0 
Leptoceridae 0 0 0 0 0 0 
Coleoptera 
Oytiscidae 0 0 1 0 0 0 
Elmidae 0 1 0 0 0 0 
Haliplidae 0 0 0 0 0 0 
Diptera 
Chironomidae 0 1 25 9 1 2 
Ephydridae 0 0 0 0 1 0 
Simuliidae 0 0 0 ! 0 i 
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Table B6. (Continued) 
Station 
Taxa 8 9 10 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 0 0 0 0 0 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 0 2 0 0 0 
Cladocera 
Daphnidae 0 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 21 21 14 31 25 
Baetiscidae 3 7 0 0 0 
Caenidae 4 6 1 3 1 
Ephemeridae 3 3 0 1 1 
Heptageniidae 2 3 10 18 21 
Potamanthidae 2 1 0 0 0 
Odonata 
Coenagrionidae 0 0 0 0 0 
Gomphidae 2 0 1 0 0 
Lestidae 0 0 0 0 0 
Plecoptera 
Perlidae 0 2 0 0 0 
Hemiptera 
Corixidae 29 15 53 4 37 
Trichoptera 
Hydropsychidae 0 0 0 0 3 
Leptoceridae 0 0 0 0 0 
Coleoptera 
Dytiscidae 0 0 0 0 0 
Elmidae 0 0 0 0 ' 0 
Haliplidae 0 1 0 1 0 
Diptera 
Chironomidae 1 2 1 0 2 
Ephydridae 0 0 0 0 0 
Simulildae 0 0 • 0 0 
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Table B6. (Continued) 
Station 
Taxa 11 12 
Annelida 
Hirudinea 
Rhynchobdellida 
Glossiphoniidae 0-0 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae -0-0 
Cladocera 
Daphnidae -0-0 
Insecta 
Ephemeroptera 
Baetidae - 12 - 19 
Baetiscidae -0-0 
Caenidae 4-5 
Ephemeridae -1-0 
Heptageniidae - 22 - 25 
Potamanthidae - 10 - 9 
Odonata 
Coenagrionidae 0-0 
Goînphiuâc = -  
Lestidae -0-0 
Plecoptera 
Perlidae -1-0 
Hemiptera 
Con xi dae = 125 - 81 
Trichoptera 
Hydropsychidae -0-1 
Leptoceridae -1-0 
Coleoptera 
Dytiscidae -0-0 
Elmidae -1-  
Haliplidae -0-1 
Diptera 
Chironomidae -5-1 
Ephydridae 0-0 
Sirnulildae -0-  
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Table B7. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 9-16, 1975 
Station 
Taxa 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baeti dae 7 9 3 n 
Caenidae 5 6 1 9 
Ephemeridae 0 0 0 0 
Heptageniidae 7 12 5 6 
Polymitarcidae 0 0 0 17 
Potamanthidae 0 0 0 0 
Siphlonuridae 4 4 6 3 
Tricorythidae 0 4 0 10 
Odonata 
Coenagrionidae 0 0 0 0 
Gomphidae 1 0 0 0 
Plecoptera 
Perlidae 0 0 0 1 
Hemiptera 
Corixidae 3 2 0 4 
Notonectidae 0 0 0 0 
Trichoptera 
Hydropsychidae 0 0 2 1 
Leptoceridae 2 1 2 5 
Coleoptera 
Dryopidae 0 0 0 0 
Dytiscidae 0 0 0 0 
Elmidae 0 0 0 0 
Haliplidae 0 1 0 1 
Diptera 
Chironomidae 3 1 2 1 
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Table B7. (Continued) 
Station 
Taxa 4 5 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 0 0 9 ( 
Insecta 
Ephemeroptera 
Baetidae 1 1 38 29 2 
Caenidae 0 0 1 0 1 
Ephemeri dae 0 0 0 0 0 
Heptageniidae 7 5 25 13 2 
Polymitarcidae 5 4 2 1 15 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 14 3 8 3 2 
Tricorythidae 8 4 17 10 13 
Odonata 
Coenagrionidae 0 0 0 0 0 
Gomphidae 0 0 0 0 0 
Plecoptera 
Perlidae 0 0 4 0 0 
Hemiptera 
Corixidae 1 2 11 3 1 
Notonectidae 0 0 0 0 0 
Trichoptera 
Hydropsychidae 1 1 0 0 0 
Leptoceridae 0 0 2 3 6 
Colecptera 
Dryopidae 0 0 0 0 0 
Dytiscidae 0 0 2 1 0 
Elmidae 0 0 0 0 0 
Haliplidae 0 0 0 0 0 
Diptera 
Chironomidae 2 .0 0 1 2 
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Table B7. (Continued) 
Station 
Taxa 8 9 10 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 0 2 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 2 3 6 1 6 1 
Caenidae 0 3 0 0 1 0 
Ephemeridae 1 1 0 0 0 0 
Heptageniidae 5 1 5 5 5 4 
Polymitarcidae 0 0 0 0 4 0 
Potamanthidae 2 0 0 0 0 0 
Siphlonuridae 7 12 2 6 2 7 
Tricorythidae 15 63 0 1 2 1 
Odonata 
Coenagrionidae 0 0 0 0 0 0 
Gomphidae 0 1 1 0 0 0 
Plecoptera 
Perlidae 2 1 0 0 0 0 
Hemiptera 
Corixidae 18 36 3 0 1 0 
Notonectidae 1 0 0 0 0 0 
Trichoptera 
Hydropsychidae 0 2 0 1 0 2 
Leptoceridae 9 4 1 0 0 0 
Coleoptera 
Dryopidae 0 0 0 0 0 0 
Dytiscidae 2 1 0 0 0 0 
Elmidae 1 0 0 1 3 1 
Haliplidae 0 0 0 0 0 1 
Diptera 
Chironomidae 0 0 0 0 3 0 
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Table B7. (Continued) 
Taxa 
Station 
n 12 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 0 1 0 0 
Caenidae 0 3 0 0 
Ephemeridae 0 1 0 0 
Heptageniidae 2 10 2 3 
Polymitarcidae 12 29 15 5 
Potamanthidae 0 3 1 0 
Siphlonuridae 3 11 6 10 
Tricorythidae 15 2 3 1 
Odonata 
Coenagrionidae 1 0 0 0 
Gomphi dae 1 0 0 0 
Plecoptera 
Perlidae 2 2 1 3 
Hemiptera 
Cori xi dae 4 1 0 
Notonectidae 0 0 0 0 
Trichoptera 
Hydropsychidae 1 5 1 0 
Leptoceridae 1 G 0 0 
Coleoptera 
Dryopi dae 0 0 0 1 
Dytiscidae 0 0 0 0 
Elmidae 0 0 0 0 
Haliplidae 0 G 0 0 
Diptera 
Chironomidae 0 0 2 0 
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Table B8. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 17-28, 1975 
Station 
Taxa 1 2 3 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 
Caenidae 
Ephemeri dae 
Heptageniidae 
Polymitarcidae 
Potamanthidae 
Siphlonuridae 
Tricorythidae 
Odonata 
Gomphidae 
Plecoptera 
Perlidae 
Hemiptera 
Corixidae 
Notonectidae 
Trichoptera 
Brachycentridae 
Hydropsychidae 
Leptoceridae 
Colebptera 
Dryopidae 
Dytiscidae 
Elmidae 
Mali plidae 
Diptera 
Chironomidae 
Ephydridae 
Simuliidae 
Physidae 
0 0 1 
1 3 3 
1 3 0 
0 0 0 
0 0 2 
0 0 0 
0 0 0 
0 0 3 
2 7 7 
0 0 0 
0 0 0 
2 2 1 
0 0 0 
0 0 0 
1 0 1 
4 1 7 
0 0 0 
0 0 0 
0 1 1 
0 0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
4 0 0 
0 0 0 
0 0 0 
1 1 0 
0 0 0 
0 0 0 
1 3 0 
10 4 1 
0 0 0 
0 0 0 
2 7 5 
0 1 0 
0 0 0 
5 0 1 
3 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 2 0 
0 0 0 
0 0 0 
0 0 0 
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Table B8. (Continued) 
Station 
Taxa 4 5 7 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 
Insecta 
Ephemeroptera 
Baetidae 0 1 0 0 1 
Caenidae 3 5 0 1 4 
Ephemeri dae 0 0 0 6 6 
Heptageniidae 4 3 1 2 1 
Polymitarcidae 1 0 1 5 2 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 8 21 3 8 4 
Tricorythidae 24 3 5 12 10 
Odonata 
Gomphidae 2 1 0 0 0 
Plecoptera 
Perlidae 0 0 0 0 0 
Hemiptera 
Corixidae 0 0 4 16 11 
Notonectidae 0 0 0 0 0 
Trichoptera 
Brachycentridae 0 0 0 0 0 
Hydropsychidae 3 3 4 3 2 
Leptoceridae 1 0 8 0 2 
coleoptera 
Dryopidae 0 0 0 0 0 
Dytiscidae 0 0 1 0 1 
Elmidae 5 4 1 4 2 
Haliplidae 0 0 0 0 0 
Diptera 
Chironomidae 0 0 0 2 1 
Ephydridae 0 0 0 0 0 
Simuliidae 0 0 0 0 0 
Physidae 0 0 0 0 0 
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Table B8. (Continued) 
Station 
Taxa 8 9 10 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae - 0 0 0 0 0 
Insecta 
Ephemeroptera 
Baeti dae 0 2 5 3 0 
Caenidae 3 0 0 1 0 
Ephemeri dae 0 0 0 0 0 
Heptageniidae 13 3 2 2 5 
Polymitarcidae 9 1 0 0 0 
Potamanthidae 0 0 0 0 0 
Siphlonuridae 12 7 11 9 5 
Tricorythidae 18 3 10 6 7 
Odonata 
Gomphidae 0 0 0 0 0 
Plecoptera 
Perlidae 0 0 0 0 0 
Hemiptera 
Corixidae n  1 1 0 1 
Notonectidae 2 0 0 0 0 
Trichoptera 
Brachycentridae 0 0 0 1 0 
Hydropsychidae 1 0 3 10 7 
Leptoceridae 26 6 7 9 4 
Coleoptera 
Dryopidae 0 0 0 0 0 
Dytiscidae 0 0 0 0 0 
Elmidae 5  3 7 18 4 
Haliplidae 0 0 0 0 0 
Diptera 
Chironomidae 4 3 2 2 0 
Ephydridae 0 0 0 0 0 
Simuliidae G G 0  G 0  
Physidae 0 0 0 0 0 
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Table B8. (Continued) 
Station 
Taxa 11 12 
Arthropoda 
Crustacea 
Aiîiphi poda 
Talitridae 0 0 0 
Insecta 
Ephemeroptera 
Baeti dae 1 6 3 
Caenidae 11 3 1 
Ephemeridae 0 0 0 
Heptageniidae 6 4 0 
Polymitarcidae 67 16 18 
Potamanthidae 0 4 0 
Siphlonuridae 10 10 6 
Tricorythidae 0 1 3 
Odonata 
Gomphidae 0 1 0 
Plecoptera 
Perlidae 0 2 0 
Hemiptera 
Corixidae 0 1 0 
Notonectidae 0 0 0 
Trichoptera 
Brachycentridae 0 0 0 
Hydropsychidae 4 0 0 
Leptoceridae 1 0 1 
Coleoptera 
Dryopidae 0 0 0 
Dytiscidae 0 0 0 
Elmidae 2 0 0 
Haliplidae 0 0 0 
Diptera 
Chironomidae 0 0 1 
Ephydridae 0 0 0 
Simuliidae 0 0 0 
Physidae 0 0 0 
0 
0 
1 
0 
1 
22 
0 
8 
1 
0 
0 
0 
0 
0 
1 
2 
0 
0 
1 
0 
0 
0 
0 
0 
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Table B9. Numbers and kinds of invertebrates in drift samples collected 
at each study site during the period July 28 to August 13, 1975 
Station 
Taxa 
Arthropoda 
Crustacea 
Amphipoda 
Tali tridae 0 0 
Insecta 
Ephemeroptera 
Baetidae 1 0 
Caenidae 5 8 
Ephemeri dae 2 2 
Heptageniidae 2 1 
Polymitarcidae 0 0 
Siphlonuridae 2 1 
Tricorythidae 9 7 
Odonata 
Gomphidae 0 0 
Plecoptera 
Perildae 0 0 
Pternonarcidae 0 0 
Hemiptera 
Corixidae 0 0 
Notonectidae 0 0 
Trichoptera 
Hydropsychidae 1 2 
Leptoceridae 0 2 
Coleoptera 
Dytiscidae Û 0 
Elmidae 1 4 
Haliplidae 0 0 
Diptera 
Chironomidae 0 0 
1 
14 
0 
3 
11 
4 
27 
1 
0 
0 
0 
0 
4 
7 
1 
5 
0 
0 0 0 
1 0 2 
10 6 4 
0 0 0 
7 2 2 
15 0 0 
6 0 1 
17 33 19 
1 0 0 
0 1 0 
0 0 0 
2 0 1 
0 0 0 
1 2 4 
0 0 8 
0 0 0 
3 1 2 
0 0 0 
2 2 3 
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Table B9. (Continued) 
Station 
Taxa 4 5 7 
Arthropoda 
Crustacea 
Amphi poda 
Tali tridae 1 C 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 0 4 0 0 3 3 
Caenidae 0 3 3 1 0 7 
Ephemeridae 0 0 0 0 3 2 
Heptageniidae 5 7 n 10 5 1 
Polymitarcidae 0 1 4 34 1 1 
Siphlonuridae 36 39 69 71 0 3 
Tricorythidae 2 8 22 24 9 37 
Odonata 
Gomphidae 0 0 0 0 0 0 
Plecoptera 
Perli dae 0 0 0 0 0 1 
Pteronarcidae 0 1 0 0 0 0 
Hemi ptera 
Corixidae 0 0 5 15 19 32 
Notonectidae 0 0 0 0 0 0 
irichoptera 
Hydropsychidae 3 4 1 4 1 0 
Leptoceridae 1 2 5 2 3 1 
Coleoptera 
Dytiscidae 0 0 0 1 0 0 
Elmidae 6 2 12 7 11 9 
Haliplidae 0 0 0 1 1 • 0 
Diptera 
Chironomidae 0 0 2 1 1 2 
84 
Table B9. (Continued) 
Station 
Taxa 8 9 10 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 0 0 0 0 0 
Insecta 
Ephemeroptera 
Baetidae 0 1 0 0 1 
Caenidae 0 1 4 1 0 
Ephemeridae 3 0 0 0 0 
Heptageniidae 9 3 4 1 5 
Polymitarcidae 3 1 1 3 1 
Siphlonuridae 22 14 14 8 16 
Tricorythidae 10 3 4 3 4 
Odonata 
Gomphidae 1 0 0 0 1 
Plecoptera 
Perlidae 0 0 0 0 0 
Pteronarcidae 0 0 0 0 0 
Hemiptera 
Corixidae 6 2 0 1 0 
Notonectidae 1 0 0 0 C 
Trichoptera 
Hydropsychidae 3 2 6 9 9 
Leptoceridae 2 3 10 5 7 
Coleoptera 
n\/+i cri Aao 2 0 G 0 n 
Elmidae 3 7 4 5 16 
Haliplidae 0 1 0 0 0 
Diptera 
Chironomidae 1 1 0 0 0 
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Table B9. (Continued) 
Station 
Taxa n 12 
Arthropoda 
Crustacea 
Amphipoda 
Talitridae 0 0 0 0 
Insecta 
Ephemeroptera 
Baeti dae 0 1 2 0 
Caenidae 0 0 0 0 
Ephemeri dae 0 0 1 2 
Heptageniidae 7 2 2 0 
Polymitarcidae 18 16 0 0 
Siphlonuridae 3 3 0 1 
Tricorythidae 2 0 7 0 
Odonata 
Gomphidae 0 0 0 0 
Plecoptera 
Perlidae 0 0 0 0 
Pteronarcidae 0 0 0 0 
Hemi ptera 
Corixidae 0 2 2 0 
Notonectidae 0 0 0 0 
Trichoptera 
Hydropsychidae 1 2 1 0 
Leptoceridae 2 1 0 0 
Coleoptera 
Dytiscidae 0 0 0 0 
Elmidae 3 3 0 0 
Haliplidae 0 0 0 0 
Diptera 
Chironomidae 0 0 1 2 
Table BIO. Total number of organisms in drift samples collected at each station 
Station 
Date 1 2 3 4 5 7 8 9 10 11 12 
17-23 June 87 58 35 97 204 132 136 37 58 100 222 
1974 - - - " - - - 49 - 130 276 
1-5 July 44 35 25 41 54 94 47 31 19 32 33 
1974 - - - 25 38 - - 58 32 39 38 
15-23 July 27 97 41 i n  211 89 179 158 162 94 59 
1974 6 - 50 73 - - - 124 109 77 98 
29 July-6 August 12 20 24 17 32 11 75 19 22 34 20 
1974 17 26 7 19 59 88 - 37 22 45 11 
7-16 August 47 56 117 48 187 82 56 49 37 27 39 
1974 44 57 132 56 133 113 53 58 40 22 31 
27 May-4 June 41 54 78 104 101 69 67 81 58 182 142 
1975 54 126 - 78 64 64 64 - 90 - -
9-16 July 32 22 70 39 119 44 65 18 27 42 32 
1975 40 - - 20 64 - 130 15 17 71 23 
17-28 July 11 28 19 51 28 60 104 29 61 102 33 
1975 17 27 7 41 - 47 - 48 33 48 37 
28 July-13 August 23 82 47 54 134 57 66 39 36 36 16 
1975 27 65 46 71 171 99 - 47 60 30 5 
Table 1311. Weight (grams) of drift samples collected at each study site 
Station 
Date 1 2 3 4 5 7 8 9 10 11 12 
17-23 June 0. 41 0.37 0. 17 0. ,58 1. 66 1. 41 0. 91 0. 29 0. 40 0. 88 1. 60 
1974 - 0. 29 1. 33 1. 96 
1-5 July 0. 24 0.18 0. 13 0. 25 0. 51 0. 60 0. 67 0. 20 0. 14 0. 20 0. 26 
1974 - 0. 15 0. 24 0. 44 0. 24 0. 32 0. 31 
15-23 July 0. 15 0.36 0. 19 0. 41 0. 93 0. 58 0. 68 0. 67 0. 74 0. 71 0. 32 
1974 0. 06 - 0. 29 0. 29 0. 44 0. 43 0. 63 0. 85 
29 July-6 August 0. 05 0.07 0. 10 0. 04 0. 26 0. 07 0. 46 0. 06 0. 15 0. 25 0. 22 
1974 0. 10 0.20 0. 10 0. 12 0. 28 0. 22 0. n 0. 06 0. 25 0. 12 
7-16 August 0. 13 0.34 0. 34 0. 38 0. 92 0. 59 0. 32 0. 34 0. 23 0. 20 0. 37 
1974 0. 13 0.49 0. 41 0. 46 0. 90 0. 58 0. 24 0. 42 0. 25 0. 10 0. 17 
27 May-4 June 0. 16 0.17 0. 34 0. 75 0. 34 0. 54 0. 45 0. 37 0. 22 1. 00 0. 80 
1975 0. 22 0.53 0. 39 0. 24 0. 53 0. 59 0. 54 
9-16 July 0. 13 0.17 0. 38 0. 32 0. 72 0. 38 0. 40 0. 11 0. 16 0. 34 0. 41 
1975 0. 25 - 0. 15 0. 26 0. 77 0. 07 0. 14 0. 86 0. 27 
17-28 July 0. 04 0.09 0. 18 0. 26 0. 17 0. 58 0. 55 0. 16 0. 38 1. 28 0. 40 
1975 0. 04 0.11 0. 05 0. 29 - 0, 39 0. 18 0. 18 0. 57 0. 35 
28 July-13 August 0. 07 0.37 0. 08 0. 40 0. 71 0. 29 0. 49 0. 28 0. 26 0. 49 0. 10 
1975 0. 09 0.35 0. 15 0. 66 1. 23 0. 41 0. 27 0. 51 0. 58 0. 04 
